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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve cycle characteristics. 

SOLUTION: This manganese oxide is Lit+xMn2-x-yGaxMy04+z (0<x<0.15, 0.01<x<0.2, 0<y<0.2 and z>0, M is a 
divalent or trivalent metal), having a spinel structure, obtained by baking lithium hydroxide, chemically- 
synthesized manganese dioxide, gallium nitrate, and metallic nitrate at 400 to 570° C, and reheat-treating them. 
Part of 8a site is occupied by Ga, and the peak ((220) diffraction line) intensity of 2e=39° in XRD measured by 
using FeKa rays is 1/4 or more of the peak ((222) diffraction line) intensity of 2e=48° . 
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1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
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CLAIMS 



[0001] 
[Claim(s)] 

1. By Lithium Manganese Multiple Oxide (0<=X<0.15, 0.0 1< X<0.2 5 0<=Y<0.2) Which Has Spinel Structure 
Which Can be Expressed with Empirical -Formula Lil+XMn2-X-yGaxMy04+Z The compound with which it is 
with FeK alpha rays, and the 2theta=39 degree peak (220) (diffraction line) intensity in measured XRD becomes 1/4 
or more [ of the peak (222) (diffraction line) intensity which is 2theta=48 degree ]. 

4. Positive electrode for rocking-chair type lithium ion batteries which uses as negative electrode intercalation 
compounds, such as lithium secondary battery, carbon, etc. which make above-mentioned Lil+xMn2-x- 
yGaxMy04+z positive active material. 
[0002] 



[Translation done,] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] this invention is Lil+xMn2-x-yGaxMyO4+zo[0003] of the Spinel structure which uses 
intercalation compounds, such as a metal lithium or lithium carbon (lithium-graphite), as a positive active material 
in the lithium secondary battery made into a negative-electrode active material. 

[Description of the Prior Art] As a 4-volt system high-energy density type positive active material for lithium 
secondary batteries, LiCo02 besides LiNi02 and LiMn 204 are usable. The cell which makes LiCo02 a positive 
active material is already marketed. However, since there are few amounts of resources and cobalt's are expensive, 
it is not fit for mass production method accompanying the spread of cells. When it thinks from the field of the 
amount of resources, or a price, a manganese compound is a promising positive-electrode material. Manganese 
dioxide usable as a raw material is produced in large quantities as a dry cell material now. LiMn 204 of Spinel 
structure has the fault to which capacity falls, when a cycle is piled up, in order to improve this fault, addition 
(Okada et al., cell technology, Vol.5, (1993)) which is addition (69 Thackeray et al., Solid State Ionics, 59 (1994)) 
of Mg, Zn, etc., Co, nickel, Cr, etc. is performed, and the effectiveness is already clarified However, since Mn 
dissolving in the electrolytic solution becomes remarkable at the time of the elevated-temperature operation of 50 
degrees C or more, it is difficult to hold sufficient cycle life of a positive electrode only by the capacity fall 
accompanying a cycle doping an above-mentioned metal simply greatly. 
[0004] 

[Problem(s) to be Solved by the Invention] this invention was not made in view of the technical problem of this 
conventional technology, and does not replace Mn of the conventional 16d site by the dissimilar-metal element, but 
replaces Li of 8a site by the dissimilar-metal element, and aims at improvement in a cycle property by using a 
different 8a site metal-replacement type manganese spinel compound from the former — it is a thing 
[0005] 

[Means for Solving the Problem] Usually, if a dissimilar metal is added and a spinel lithium manganese compound 
is compounded, the compound of the Spinel structure which the dissimilar-metal element replaced by the position 
of Mn of 16d site will generate. Even when it replaces by Zn which is easy to take Mg of a typical element, and 4 
coordination, the substitution of 16d site takes place, and a change remarkable in a XRD view is not seen. Generally 
as for the Spinel structure formula of the metal-replacement manganese of 0.5, the atomic ratio (Li/(Mn+M)) of a 
lithium and a metal (Mn+M) is expressed with (1) formula (Yoshio et al., electrochemistry, 66,335 (1998)). 
[2**y [Lil-y/]/2]8a[Mn2-x-yMx**y] 16d04 (1) 

A vacancy is shown by ** and the site in Spinel structure is shown 8a and 16d here. Although it is dependent on 
synthetic conditions, the value of y will be set to y= 0 if suitable synthetic conditions are chosen. The structure 
expression of this defect-free metal-replacement spinel manganese compound is expressed with (2) formulas. It is 
here and is M to 8a site. (2) [Li]8a[Mn2-xMx] 16d04 
If ****** is replaced, a structure expression will turn into (3) formulas. 
[Lil-zMz]8a[Mn2-xMx-z/2Liz/2]16d04 (3) 

As shown in an upper formula, 16d site consists of Li, Mn, M, and three sorts of elements, and serves as the same 
element composition as the dissimilar-metal substitution lithium rich spinel which was excellent in the cycle 
property. Moreover, since a metal remains to 8a site on the occasion of the ** lithium accompanying charge, 
generation of larnbda-MnO 2 is checked, and improvement in a cycle property can be expected, the factor whose 
cycle property improves above — in addition, the result which M replaces by 8a site — the ratio of a lithium and a 
metal — composition of 0.5 — the composition of lithium rich type 16d site — becoming — the atomic ratio of a 
lithium — 0.5 or more — it is not necessary to carry out — a lithium — the capacity fall by making it rich is avoidable 
Although the metal conventionally replaced by 8a site was not known, we discovered that Ga was replaced by 8a 
site. The substitution to 8a site can be checked by XRD measurement. The spinel compound (LiMnl.9Ga 0.1 04) of 
Ga dope and the XRD view measured using the FeK alpha rays of LiMn 204 are shown in drawing 1 . The peak 
pattern of LiMnl.9Ga 0.1 04 is the same as LiMn 204, and it can check that it is Spinel structure. Moreover, the 
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peak resulting from an impurity is not accepted, either. A big difference is that 2theta=39 degree peak (220) 
(diffraction line's) intensity's increasing and a peak weak at 2theta=71 degree appear. It checked that this 2 theta= 
71 -degree peak was a diffraction (422) line. When the rate of Ga which occupies 8a site of LiMnl.9Ga 0.1 04 using 
the lied belt method was searched for, it turns out that about 4% of Ga occupies 8a site. That is, it turns out that Ga 
is distributed over both 8a site and 16d site. If the amount of Ga dopes is increased, while the intensity (1220) of the 
increase of Ga pulse duty factor of 8a site and a diffraction (220) line will increase, the intensity (1222) of a 
diffraction (222) line decreases, the case where about 4% of Ga occupies 8a site ~ the value of 1220/1222 — about — 
although it comes out 0.5, if 8a site pulse duty factor of Ga increases to 15%, this value will increase to about 2 
That is, this intensity ratio can be used as a parameter which shows 8a site pulse duty factor of Ga. When 8a site 
was replaced by the dissimilar metal, as it mentioned above, an improvement of a cycle property is expectable. It 
investigated whether a cycle property improvement could actually be carried out. The capacity fall performed 
measurement at large 50 degrees C. LiMnl.95G0.05O4 manufactured in the example 2 were made into the positive 
active material, and the lithium secondary battery property was investigated. The electrolytic solution is 1M. It is 
LiPF6-EC-DMC (volume ratio 1:1). The 1st service capacity is 130 mA/g and it has checked that the capacity of 
123 mAh/g was shown and the cycle property was excellent also in 50 cycle eye. 

[0006] Even if it added Co, Cr, nickel, Fe, Zn, and Mg with Ga, the big difference to the intensity ratio of 1220/1222 
was not seen, but the spinel compound expressed with LiMn2-x-yGaxMy04 has also checked that Ga occupied 8a 
site. Moreover, the cycle property of these compounds was good and the capacity retention after 50 cycles (capacity 
of the capacity / 1 cycle eye of 50 cycle eye) was 95% or more. 
[0007] 

[Effect of the Invention] Since it has a function as a lithium secondary battery positive electrode and the cycle 

property in an elevated temperature is excellent, the spinel manganic acid ghost of 8a site dissimilar-metal 

substitution manufactured by this method is useful as a positive active material of the lithium ion battery used by 

hot environments, or a lithium secondary battery. 

[0008] 

[Example] 

[Example 1] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, and the nitric-acid 
gallium is carried out by the mole ratio of 1:1.90:0.10. It heated at 530 more degrees C after 5-hour heating by 470 
degrees C for 5 hours. After cooling, it ground and calcinated at 700 more degrees C for 20 hours. This sample has 
checked that it was the Spinel structure formula table **** compound of [Li0.957Ga0.043]8a 
[Li0.022Mnl.900Ga0.078]16dO4 in lied belt analysis. 
[0009] 

[Example 2] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, and the nitric-acid 
gallium is carried out by the mole ratio of 1 :1 .95:0.05. It heated at 530 more degrees C after 5-hour heating by 470 
degrees C for 5 hours. After cooling, it ground and calcinated at 700 more degrees C for 20 hours. 1220/1222 of this 
sample are 0.4, and it has checked that Ga occupied 8a site, the 25mg of the above-mentioned samples, and 
conductive binder lOmg — using — the shape of a film — the mixture was created, and it was stuck to a stainless 
steel mesh by pressure, and considered as the positive electrode The positive electrode was dried and used at 200 
degrees C. The metal lithium was used for the negative electrode and LiBF4-EC-DMC (volume ratio 1 :2) was used 
for the electrolytic solution. The charge and discharge current was set to 0.25mA (0.1 mA/cm2), and the charge- 
and-discharge-voltage range was set to 4.5-3.5V. The charge-and-discharge test was performed at 50 degrees C. All 
evaluations in the following examples and the example of comparison were performed on condition that the above. 
[0010] 

[Example 3] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the cobalt nitrate is carried out by the mole ratio of 1 : 1 .90:0.05:0.05. It heated at 530 more degrees C sifter 5- 
hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 125 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[Example 4] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the nickel nitrate is carried out by the mole ratio of 1 : 1 .90:0.05:0.05. It heated at 530 more degrees C after 5- 
hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 1 18 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[Example 5] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the chromium nitrate is carried out by the mole ratio of 1 : 1 .90:0.05:0.05. It heated at 530 more degrees C after 
5-hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 125 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
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[0011] 

[Example 6] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the ferric oxide is carried out by the mole ratio of 1 : 1 .90:0.05:0.05. It heated at 530 more degrees C after 5-hour 
heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 hours. 
I220/I<SUB>222 of this sample are 0.45 and it has checked that Ga occupied 8a site. The 1st service capacity of 
this sample was 120 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[Example 7] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the zinc nitrate is carried out by the mole ratio of 1 : 1.90:0.05:0.05. It heated at 530 more degrees C after 5-hour 
heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 hours. 
1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this sample 
was 1 18 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 

[Example 8] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the magnesium nitrate is carried out by the mole ratio of 1 :1 .90:0.05:0.05. It heated at 530 more degrees C after 
5-hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.3, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 1 18 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[0011] 

[The example 1 of comparison] Preferential grinding of a lithium hydroxide and chemosynthesis manganese 
dioxide is carried out by the mole ratio of 1:2. It heated at 530 more degrees C after 5-hour heating by 470 degrees 
C for 5 hours. After cooling, it ground and calcinated at 700 more degrees C for 20 hours. 1220/1222 of this sample 
were 0.22. As a result of repeating an experiment several times on the same conditions, the range of this value was 
0.20-0.28. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Industrial Application] this invention is Lil+xMn2-x-yGaxMy04+zo of the Spinel structure which uses 
intercalation compounds, such as a metal lithium or lithium carbon (lithium-graphite), as a positive active material 
in the lithium secondary battery made into a negative-electrode active material. 

[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since it has a function as a lithium secondary battery positive electrode and the cycle 
property in an elevated temperature is excellent, the spinel manganic acid ghost of 8a site dissimilar-metal 
substitution manufactured by this method is useful as a positive active material of the lithium ion battery used by 
hot environments, or a lithium secondary battery. 

[Translation done.] 
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TECHNICAL PROBLEM 



[Description of the Prior Art] As a 4v system high-energy density type positive active material for lithium 
secondary batteries, LiCo02 besides LiNi02 and LiMn 204 are usable. The cell which makes LiCo02 a positive 
active material is already marketed. However, since there are few amounts of resources and cobalt's are expensive, 
it is not fit for mass production method accompanying the spread of cells. When it thinks from the field of the 
amount of resources, or a price, a manganese compound is a promising positive-electrode material. Manganese 
dioxide usable as a raw material is produced in large quantities as a dry cell material now. LiMn 204 of Spinel 
structure has the fault to which capacity falls, when a cycle is piled up, in order to improve this fault, addition 
(Okada et al., cell technology, Vol.5, (1993)) which is addition (69 Thackeray et al., Solid State Ionics, 59 (1994)) 
of Mg, Zn, etc., Co, nickel, Cr, etc. is performed, and the effectiveness is already clarified However, since Mn 
dissolving in the electrolytic solution becomes remarkable at the time of the elevated-temperature operation of 50 
degrees C or more, it is difficult to hold sufficient cycle life of a positive electrode only by the capacity fall 
accompanying a cycle doping an above-mentioned metal simply greatly. 



[Translation done.] 
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MEANS 



[Means for Solving the Problem] Usually, if a dissimilar metal is added and a spinel lithium manganese compound 
is compounded, the compound of the Spinel structure which the dissimilar-metal element replaced by the position 
of Mn of 16d site will generate. Even when it replaces by Zn which is easy to take Mg of a typical element, and 4 
coordination, the substitution of 16d site takes place, and a change remarkable in a XRD view is not seen. Generally 
as for the Spinel structure formula of the metal-replacement manganese of 0.5, the atomic ratio (Li/(Mn+M)) of a 
lithium and a metal (Mn+M) is expressed with (1) formula (Yoshio et al., electrochemistry, 66,335 (1998)). 
[2**y [ Lil-y/]/2]8a[Mn2-x-yMx**y] 16d04 (1) 

A vacancy is shown by ** and the site in Spinel structure is shown 8a and 16d here. Although it is dependent on 
synthetic conditions, the value of y will be set to y= 0 if suitable synthetic conditions are chosen. The structure 
expression of this defect-free metal-replacement spinel manganese compound is expressed with (2) formulas. It is 
here and is M to 8a site. (2) [Li]8a[Mn2-xMx]16d04 
If ****** is replaced, a structure expression will turn into (3) formulas. 
|Xil-zMz]8a[Mn2-xMx-z/2Liz/2]16d04 (3) 

As shown in an upper formula, 16d site consists of Li, Mn, M, and three sorts of elements, and serves as the same 
element composition as the dissimilar-metal substitution lithium rich spinel which was excellent in the cycle 
property. Moreover, since a metal remains to 8a site on the occasion of the ** lithium accompanying charge, 
generation of lambda-MnO 2 is checked, and improvement in a cycle property can be expected, the factor whose 
cycle property improves above — in addition, the result which M replaces by 8a site — the ratio of a lithium and a 
metal - composition of 0.5 — the composition of lithium rich type 16d site — becoming — the atomic ratio of a 
lithium — 0.5 or more — it is not necessary to carry out — a lithium — the capacity fall by making it rich is avoidable 
Although the metal conventionally replaced by 8a site was not known, we discovered that Ga was replaced by 8a 
site. The substitution to 8a site can be checked by XRD measurement. The spinel compound (LiMnl.9Ga 0.1 04) of 
Ga dope and the XRD view measured using the FeK alpha rays of LiMn 204 are shown in drawing 1 . The peak 
pattern of LiMnl.9Ga 0.1O4 is the same as LiMn 204, and it can check that it is Spinel structure. Moreover, the 
peak resulting from an impurity is not accepted, either. A big difference is that 2theta=39 degree peak (220) 
(diffraction line's) intensity's increasing and a peak weak at 2theta=71 degree appear. It checked that this 2 theta= 
71 -degree peak was a diffraction (422) line. When the rate of Ga which occupies 8a site of LiMnl.9Ga 0.1 04 using 
the lied belt method was searched for, it turns out that about 4% of Ga occupies 8a site. That is, it turns out that Ga 
is distributed over both 8a site and 16d site. If the amount of Ga dopes is increased, while the intensity (1220) of the 
increase of Ga pulse duty factor of 8a site and a diffraction (220) line will increase, the intensity (1222) of a 
diffraction (222) line decreases, the case where about 4% of Ga occupies 8a site — the value of 1220/1222 — about — 
although it comes out 0.5, if 8a site pulse duty factor of Ga increases to 15%, this value will increase to about 2 
That is, this intensity ratio can be used as a parameter which shows 8a site pulse duty factor of Ga. When 8a site 
was replaced by the dissimilar metal, as it mentioned above, an improvement of a cycle property is expectable. It 
investigated whether a cycle property improvement could actually be carried out. The capacity fall performed 
measurement at large 50 degrees C. LiMnl.95G0.05O4 manufactured in the example 2 were made into the positive 
active material, and the lithium secondary battery property was investigated. The electrolytic solution is 1M. It is 
LiPF6-EC-DMC (volume ratio 1:1). The 1st service capacity is 130 mA/g and it has checked that the capacity of 
123 mAh/g was shown and the cycle property was excellent also in 50 cycle eye. 

[0006] Even if it added Co, Cr, nickel, Fe, Zn, and Mg with Ga, the big difference to the intensity ratio of 1220/1222 
was not seen, but the spinel compound expressed with LiMn2-x-yGaxMy04 has also checked that Ga occupied 8a 
site. Moreover, the cycle property of these compounds was good and the capacity retention after 50 cycles (capacity 
of the capacity / 1 cycle eye of 50 cycle eye) was 95% or more. 
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EXAMPLE 



[Example] 

[Example 1] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, and the nitric-acid 
gallium is carried out by the mole ratio of 1 : 1 .90:0. 10. It heated at 530 more degrees C after 5-hour heating by 470 
degrees C for 5 hours. After cooling, it ground and calcinated at 700 more degrees C for 20 hours. This sample has 
checked that it was the Spinel structure formula table **** compound of [Li0.957Ga0.043]8a 
[Li0.022Mnl.900Ga0.078]16dO4 in lied belt analysis. 
[0009] 

[Example 2] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, and the nitric-acid 
gallium is carried out by the mole ratio of 1 : 1 .95:0.05. It heated at 530 more degrees C after 5-hour heating by 470 
degrees C for 5 hours. After cooling, it ground and calcinated at 700 more degrees C for 20 hours. 1220/1222 of this 
sample are 0.4, and it has checked that Ga occupied 8a site, the 25mg of the above-mentioned samples, and 
conductive binder lOmg — using — the shape of a film — the mixture was created, and it was stuck to a stainless 
steel mesh by pressure, and considered as the positive electrode The positive electrode was dried and used at 200 
degrees C. The metal lithium was used for the negative electrode and LiBF4-EC-DMC (volume ratio 1 :2) was used 
for the electrolytic solution. The charge and discharge current was set to 0.25mA (0.1 mA/cm2), and the charge- 
and-discharge-voltage range was set to 4. 5-3. 5 V. The charge-and-discharge test was performed at 50 degrees C. All 
evaluations in the following examples and the example of comparison were performed on condition that the above. . 
[0010] 

[Example 3] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the cobalt nitrate is carried out by the mole ratio of 1:1.90:0.05:0.05. It heated at 530 more degrees C after 5- 
hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 125 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[Example 4] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the nickel nitrate is carried out by the mole ratio of 1 : 1.90:0.05:0.05. It heated at 530 more degrees C after 5- 
hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 1 18 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[Example 5] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the chromium nitrate is carried out by the mole ratio of 1 : 1 .90:0.05:0.05. It heated at 530 more degrees C after 
5-hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 125 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[0011] 

[Example 6] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the ferric oxide is carried out by the mole ratio of 1 : 1 .90:0.05:0.05. It heated at 530 more degrees C after 5-hour 
heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 hours. 
1220/1222 of this sample are 0.45, and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 120 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[Example 7] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the zinc nitrate is carried out by the mole ratio of 1 : 1.90:0.05:0.05. It heated at 530 more degrees C after 5-hour 
heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 hours. 
1220/1222 of this sample are 0.4, and it has checked that Ga occupied 8a site. The 1st service capacity of this sample 
was 1 18 or more mAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 

[Example 8] Preferential grinding of a lithium hydroxide, chemosynthesis manganese dioxide, a nitric-acid gallium, 
and the magnesium nitrate is carried out by the mole ratio of 1:1.90:0.05:0.05. It heated at 530 more degrees C after 
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5-hour heating by 470 degrees C for 5 hours. After cooling, it ground and calcinated at 750 more degrees C for 20 
hours. 1220/1222 of this sample are 0.3 5 and it has checked that Ga occupied 8a site. The 1st service capacity of this 
sample was 1 1 8 or more nxAh/g, and the capacity retention of 50 cycle eye was also 95% or more. 
[0011] 

[The example 1 of comparison] Preferential grinding of a lithium hydroxide and chemosynthesis manganese 
dioxide is carried out by the mole ratio of 1 :2. It heated at 530 more degrees C after 5-hour heating by 470 degrees 
C for 5 hours. After cooling, it ground and calcinated at 700 more degrees C for 20 hours. 1220/1222 of this sample 
were 0.22. As a result of repeating an experiment several times on the same conditions, the range of this value was 
0.20-0.28. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The X diffraction view of LiMn 204 and LiMnl .9Ga 0. 104 

[Description of Notations] 

l:LiMn204 

2:LiMnl.9Ga0.1O4 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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